shinjulactone [11] and many others. The most frequently occurring alkaloids in this plant include: canthin-6-one [19] , canthin-6-one-3-oxide [20] , 1-methoxycanthin-6-one [20] , 1-acetyl-4-methoxy-β-Carboline [19] and others. Other compounds which are present in Ailanthus glandulosa Desf. are: 2,6-dimethoxychinon [4] , scopoletin [28] , β-sitosterol [28] , apigenin [27] , kaempferol [27] , monoacylglycerol [6] , triacylglycerol [6] .
The methods used to identify those substances were chromatographic analysis and spectral analysis. The purpose of the study was to determine the presence and identify phenolic acids that occur in Ailanthus glandulosa Desf.
Phenolic acids are a group of secondary metabolites that are widespread in the plant kingdom. They are characterized by diverse chemical structure and numerous pharmacological properties. Their molecules contain two functional groups: a carboxyl group and a phenolic hydroxyl group [16] . Because of the chemical structure, they can be divided into derivatives of cinnamic acid and benzoic acid, which differ from each other in the number of hydroxyl groups and the placement of the methoxyl substitution [14] .
One of the most important pharmacological properties of phenolic acids is their antioxidant activity. It mainly concerns derivatives of cinnamic acid. It is connected with the number of hydroxyl and methoxyl groups, which are attached to the phenyl ring. Due to their antioxidant properties phenolic acids are a group of plant compounds that inhibit and delay the early stages of tumor development [8] .
Other pharmacological effects of phenolic acids are: antipyretic, antibacterial, anti-inflammatory, antirheumatic, antifungal, anthelmintic, cholagogic, choleretic and immunostimulant [2, 12] .
MATERIAL AND METHODS
Material for the study. The raw material for the study were leaves and fruit of Alianthus glandulosa Desf. from the natural state. Leaves were collected in August, while fruit were harvested fully ripened. The collected material was dried at room temperature. Next, it was ground and sieved with a sieve according to pharmacopoeial requirements. Two hundred and thirty-two grams of leaves and 184 grams of fruit were used for the study.
RESEARCH METHODS
Preparation of extracts chloroform and petroleum ether. Properly weighed and crushed material was placed in a Soxhlet apparatus. Then, it was subjected to 36-hour continuous periodic extraction with petroleum ether and then chloroform (at the boiling temperature of the solvent).
Preparation of the methanol extract. After extraction with petroleum ether and chloroform the plant material was extracted three times with methanol in a hot water bath. Three steps of extraction with methanol: Finally, the methanol extracts were combined and concentrated. The dry residue was digested in 350 ml of boiling water. After 24 hours the precipitated ballast was filtered off and discarded, whereas the resulting aqueous fraction was subjected to further study. The same course of analysis was used for both investigated materials.
Separation of free phenolic acids fraction A. After obtaining the aqueous fraction (W1W) we subjected it to 10-fold extraction with diethyl ether. The aqueous fraction (W2W) was hydrolyzed and the ether layer was washed 10 times with 5% aqueous sodium bicarbonate solution. The combined aqueous bicarbonate extracts were acidified with hydrochloric acid to pH = 2. The obtained fraction was extracted 10 times with diethyl ether and then dried with anhydrous sodium sulfate. Finally, the solvent was filtered and evaporated in a vacuum evaporator. Using this method we received a free phenolic acids fraction A from the leaves and fruit of Ailanthus glandulosa Desf.
The processes of hydrolysis of bound phenolic acids were performed according to Schmidtlein and Herrmann [25] .
Separation of fraction B of phenolic acids released by acid hydrolysis. Acid hydrolysis was performed on the half of the earlier collected aqueous solution (W2W). In order to obtain 5% solution, concentrated sulfuric acid was poured. Next, the mixture was heated in a boiling water bath under reflux condenser for 2h. After cooling the mixture, the entire contents of the flask were filtered and the received hydrolyzate was extracted 10 times with diethyl ether. The aqueous fraction was removed and the ether fraction underwent the same procedure as in the case of extraction of fraction A. Thus, we obtained fraction B of phenolic acids released by acid hydrolysis from the leaves and fruit of Ailanthus glandulosa Desf.
Separation of fraction C of phenolic acids released by alkaline hydrolysis. Alkaline hydrolysis was performed on the other half of the previously collected aqueous solution (W2W). One gram of sodium borohydride was added to the solution under stirring and by adding saturated barium hydroxide the solution was adjusted to pH 12-13. The solution obtained in this way was heated in a boiling water bath under reflux condenser for 15 min. After cooling, concentrated sulfuric acid was added to the hydrolyzate to obtain a solution at pH=1.5. The received precipitate of barium sulfate was filtered off and the filtrate was extracted 10 times with diethyl ether. The further procedure was the same as in the case of extraction of fraction A. Thus, we obtained fraction C of phenolic acids released by alkaline hydrolysis from the leaves and fruit of Ailanthus glandulosa Desf.
Identification of phenolic acids in the isolated fractions was performed by two-dimensional thin layer chromatography (TLC) on cellulose plates [26] .
Chromatographic identification of phenolic acids. Phenolic acids fractions, which were isolated from the leaves and fruit of Ailanthus glandulosa Desf. were analyzed by two-dimensional thin layer chromatography (TLC) on cellulose plates. In order to perform the test, we used plates of the Merck company in horizontal chambers -type DS [7] , applying the following developing systems [26] : I benzene-methanol-acetonitrile-acetic acid (80:10:5:5) II sodium formate-formic acid-water (10:1:200)
Before developing the plates in a first direction, they were conditioned for 5 min in the system: benzene-methanol-acetic acid (90:5:5). The received chromatograms were viewed under UV light before and after activation of ammonia vapor and visible light after spraying the following reagents: I R: 1% aqueous solution of ferric chloride [13] , II R: diazotized sulphanilic acid in 10% sodium carbonate solution (KS ) [15] , III R: diazotized p-nitroaniline in 20% sodium carbonate solution (p-NA) [22] .
Phenolic acids were identified by the position of the fluorescence in UV light and after exposure to ammonia, comparing the color of the spots on the analyzed chromatograms with patterns of standard chromatograms.
RESULTS AND DISCUSSION
In the course of the study, the presence of phenolic acids in leaves and fruit of Ailanthus glandulosa Desf was confirmed. Overall, 15 phenolic acids were found and identified in the analyzed material.
Fractions of phenolic acids: the free phenolic fraction A and the fractions released after acid and alkaline hydrolysis -B and C, respectively, were analyzed by two-dimensional Current Issues in Pharmacy and Medical Sciences thin layer chromatography (2D-TLC) according to the standards [Tab 1,2]. The objective of the phytochemical study was to analyze the phenolic compounds in the leaves and fruit of Ailanthus glandulosa Desf. The study comprised the isolation and identification of the fraction of free phenolic acids and the fractions released after acid or alkaline hydrolysis. Previous studies concerning the leaves of Ailanthus glandulosa Desf. revealed the presence of only 3 phenolic acids. They were: gallic acid [30] , caffeic [18] and ellagic [21] . Our study confirmed the presence of the three acids in the examined raw material and allowed for the identification of other acids found in the plant Ailanthus altissima Desf.
Based on this study the quantitative proportions of 15 phenolic acids were identified and determined for the first time. Commonly occurring acids, present in all the fractions were the tested acids: ellagic, gallic, caffeic, protocatechuic, p-hydroxybenzoic, p-coumaric and vanillic. In the leaves and fruit, the most dominant acids were: gallic, caffeic, p-hydroxybenzoic, p-coumaric and vanillic. The presence of m-hydroxybenzoic acid was revealed only in the fruit of Ailanthus glandulosa Desf. On the other hand, 2-hydroxy-4-methoxybenzoic and 2,5 -dimethoxycinnamic acids were found only in the leaves. Gentisic acid did not occur only in fraction A of free phenolic acids contained in the leaves. Ferulic acid was found in fractions B and C, both in the leaves and fruit, whereas there was a lack of it in fraction A of both raw materials. Syringic acid was present in all the fractions obtained from the fruit Ailanthus glandulosa Desf. There was a lack of it in fractions A and B of the leaves. Salicylic acid was not found in the A fraction.
The test materials also included compounds named A, B and C. Compounds A and B were present only in the fractions containing free phenolic acids from both leaves and fruit, while compound C was present in a significant quantity in fraction B of the fruit.
CONCLUSION
The conducted study enabled us to identify 15 phenolic acids in leaves and fruit of Ailanthus glandulosa Desf. It confirmed the presence of 3 phenolic acids: gallic, caffeic and ellagic acid, whose presence had been found in previous studies. Our study made it possible for the first time to identify the presence of the following acids: protocatechuic, gentisic, p-hydroxybenzoic, m-hydroxybenzoic, p-coumaric, ferulic, vanillic, syringic, salicylic, 2-hydroxy-4-methoxybenzoic, 2,5-dimethoxycinnamic, p-hydroxyphenylacetic and 3 compounds named A, B and C. The research work had innovative character, because for the first time it detected the presence of the above-mentioned phenolic acids in leaves and fruit of Ailanthus glandulosa Desf. Therefore, Ailanthus glandulosa Desf. is recognized as a rich source of these compounds, which have very important and valuable pharmacological properties.
